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Elements of Static Strength 


in. tension and compression are markedly different, the calculated stresses for the 
two extreme values of the section modulus will give two distinct factors of safety, 
one of which may not be acceptable. In another case where complicated sectional 
geometry is involved, the fibers in compression may give rise to the onset of local 
flange buckling, although the factor of safety based on the stress alone may appear 
to be quite satisfactory. It is therefore sound practice in many design situations to 
calculate the two extreme values of the section modulus. 


COMMENTS ON BENDING THEORY 

The analysis of bending stresses in beamlike members is generally well treated in 
standard textbooks dealing with strength of materials and elasticity, and handbooks 
of engineering design. This brief chapter on bending stresses is restricted to some 
of the fundamental concepts and those practical aspects of design which can be 
subject to some shaky interpretations. One of such obvious areas can be found 
in connection with the concept of neutral axis in bending of straight and curved 
members. 

The term neutral axis , related to the essentially straight beams, has the same 
meaning as the “central” or “centroidal axis.” The location of such an axis is 
determined from the elementary principle of statics, which states that the distance 
of the centroid of a section from a given axis is equal to the first moment of area 
of the section about the same axis divided by the total cross-sectional area. The 
absolute position of the centroid is obtained with reference to two reference axes 
perpendicular to each other. Of the above three terms, the term “neutral axis,” 
directly implies that the normal stress at that axis vanishes. The normal stress is 
assumed to be that which acts parallel to the longitudinal dimension of the beam. 
The position of the neutral axis for all straight and curved structural members can 
be assumed to be the same as long as the depth of the beam cross section is small 
compared with the length or radius of curvature. However, in the case of curved 
members having sharp curvature, the neutral axis does not coincide with the central 
axis and is always displaced toward the center of curvature. The amount of this 
displacement depends on the ratio of the mean radius of curvature to the depth of 
the cross section. This problem will be examined in greater detail in Part IV. 

The elementary beam theory characterized by Eq. (3.1) has a number of limi¬ 
tations, which can be summarized as follows: 

1. Transverse sections of the beam remain plane before and after bending. 

2. Young’s modulus of the beam material is the same in tension and in com¬ 
pression. 

3. The radius of curvature of the deflected beam is large compared with the 
beam’s depth. 

4. The effect of lateral stresses on the distribution of normal stresses is small. 

5. The sum of internal forces normal to the beam cross section is zero. 

It follows from the distribution of the elementary forces and the corresponding 
stresses that the material near the neutral surface of the beam lends very little 
help in resisting the applied external moments. Hence, for theoretical reasons, a 
beam cross section should have the greatest portion of its area placed as far away 



